2709

THE FATE OF SALMONELLAE IN THE
MANUFACTURE OF COTTAGE CHEESE

F. E. McDonoucH, R. E. Harcrove, R. P. TrTTsLER'

Dairy Products Laboratory
Eastern' Utilization - Research and Development Division
Agricultural Research Service, U. S. Department of Agriculture

Washington, D. C. 20250

SuMMARY

The effects of cooking temperatures ranging from 110 to
130 F on the fate of salmonellae during the manufacture of
Cottage cheese were determined. Seven test species noted for
heat resistance and occurrence in dairy products were used
to inoculate cheese milk. Salmonellae determinations were
made on the milk, whey, curd and cheese at varying stages
of manufacture. Salmonellae survived at 110 and 115 F in
all trials, and at 120 F in 1 of 5 trials. None survived at
125 F.  Creamed Cottage cheese ‘was inoculated with sal-
monellae, stored at 40 F' and analyzed periodically. No
marked decrease in numbers was observed during storage.

The increasing awareness of salmonellae contam-
ination in notfat dry milk (NDM) and in certain
NDM-containing foods has caused cons1derable con-
cern to public health officials, consumers, and the
dairy industry. In early. 1966, 11 serotypes of sal-
monellae were isolated from NDM that had been
manufactured in 20 drying plants located in 9 high
milk-producing states (3). However, none were, found
in 137 samples of NDM representing 26 brands. More
recently, salmonellae have been found in a relatively
small yet alarming percentage of NDM samples ex-
amined in federal and state surveillance programs.

Frequently, NDM is added directly to pasteurized
skimmilk in the manufacture of Cottage cheese. In
case the fortified milk is not pasteurized, there is a
risk of salmonellae contamination. Furthermore,
there is a chance that salmonellae may enter the milk
from contaminated air or from- human carriers as
evidenced by an outbreak of salmonellosis traced to
Cottage cheese infected by the maker (1). Although
Lyons and Mallmann have shown that salmonellae
inoculated into packaged Cottage cheese survived
long enough to present a health hazard (2), no known
information is available concerning their fate during
the manufacture of Cottage cheese. Such informa-
tion is urgently needed to properly evaluate the safety
or potential danger of present manufacturing prac-
tices.
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‘innoculation with the test organisms.:

This report presents the results of a study to de-
termine whether salmonellae survive during the manu-
facture and storage of Cottage cheese. A Emphasis
was on the cooking temperature.

EXPERIMENTAL

Seven test species of Salmonella were selected on the basis
of their reported heat resistance and frequency of occurrence
in dairy products. They were Salmonella senftenberg TI5W,
Salmonella blockley 2004, Salmonella typhi-murium TMI,
Salmonella new-brunswick 1608, Salmonella montevideo, Sal-
monella oranienbyrg 200E, and Salmonella worthington 4661.
From 2 to 4 species of 18-hr cultures grown in tryptxcase
soy broth were added to the cheese milk apprommately 1
hour prior to manufacture. The inoculum ranged fl;om 200
to 500 thousand per ml of milk. Sixteen lots of Cottage
cheese were made in 4 miniature steam-jacketed cheese vats,
each having a capacity of 50°1b of milk. Four cooking tem-
peratures ranging from 110-130 F were used to test each of
4 different combinations of salmonellae.” In all tests, the large’
curd rennet-type, short-set Cottage cheese method was used.
Latge curd (1/2 inch) and a relatively short - cooking penod
(1.to 1 1/2 hr) were selected because of a greater probablhty
of survival. Fresh skimmilk was fortified to 10.5 to 11%
solids with NDM, pasteurized, and cooled to 90 F before
An active, mixed-strain
lactic starter was added' at the rate of 5% and’ rennet was
added at’ the rate of 1 ml/1000 1b of milk. The curd was
cut when the titratable acidity of the cheese whey reached
0.53%. Cooking was initiated 15 minutes after cutting. The
time required to reach the cooking temperature was 60
minutes. The curds and whey were held at their respective
cooking temperatures for 20 minutes prior to draining. - No
attempt was made to obtain the same degree of -curd firm-
ness at different temperatures.

* Analyses, for salmonellae were made on: the cheese milk
just prior to adding starter, the coagulated uncut curd -after
ripening (4-6 hr), the whey just before cooking, the whey
just before draining, and the curd after washing and- coo].mg

Three procedures were employed to detect and enumerate
salmonellae:

1. Direct platiag on trypticase soy agar.

2. Direct str:% (0.1 ml . aliquots of each dilution)- on
brilliant greén agar:

3. Most probable number (MPN).

MPN was determmed by selenite F broth ‘enrichment, fol-

lowed by streaking onto brilliant green agar’ and confmnmg
typlcal ‘colonies on triple sugar iron agar, lysine iron ‘agar and



TaBLE 1. SURvVIVAL OF SALMONELLA DuUrRING COTTAGE
CHEESE MANUFACTURE

Numbers of salmonellae

Trial 1~ ] Trial 2
MPN MPN
Cooking Direct no./100 - Direct  no./100
temperature no./ml-g ml-g no./ml-g ml-g
Vat 1 - 110 F
Cheese milk 35x10* — 40x10* —
Milk-coag. (before cut) 43x10* — 86x10° —
Whey-before cook 31x103 — 25x102 -
Whey-before drain 16x10*> 35x106°  7x10' 35x10°
Curd-uncreamed 18x10* 32x10° 0 19x10*
Vat 2 - 115 F
Cheese milk 39x10¢  —  20x10* | —
Milk-coag. (before cut)  48x10* - 51x10° -
Whey-before cook 56x10° — 16x10? -
Whey-before drain 17x10*  16x10° 6 54x10!
Curd-uncreamed -0 78x10* 0 24x10?
Vat 3 - 120 F
Cheese milk 46x10* - 34x10* —
Milk-coag. (before cut)  54x10* — 35x10° —
Whey-before cook ©42x10° — 26x102 -
Whey-before drain 0 93 0 24x10"
Curd-uncreamed 0 0 0 8
Vat 4 - 125 F
Cheese milk 52x10*  —  30x10*  —
Milk-coag. (before cut)  60x10* — 81x102 -
Whey-before cook 52x10° - 33x10? —
Whey-before drain 0 0 0 0
Curd-uncreamed 0 0 0 0

motility medium. The MPN enrichment procedure was nec-
essary when small numbers of salmonellae were present.

The MPN 'in milk and whey was determined by inoculating
5 tubes of selenite F broth for each dilution. After incubation
for 18 hours at 37 C, a loopful of broth was streaked on
brilliant green agar and typical colonies were picked and
‘confirmed after 18 hours’ incubation at 37 C. The MPN
in curd and creamed Cottage cheese was determined as fol-
lows: Sterile distilled water was added to 50 g of curd or
cheese, made to a final volume of 100 ml and blended in a
Waring blendor.? Ten-, 1-, and 0.1-ml aliquots were added
respectively to 90, 9, and 10-ml portions of selenite broth.
Incubation, streaking, and confirmation of salmonellae were
as described above.

The Effects of Creaming Mixture and Storage.

The effects of 3 Cottage cheese creaming mixtures on the
survival of salmonellae in Cottage cheese at 40 F storage
were studied. One lot (A) of uncreamed commercial Cottage
curd was creamed with a normal sweet cream dressing, a
second lot (B) with a dressing containing Leuconostoc spp.
and a third lot (C) with a lactic-cultured cream dressing.
Mixtures containing equal amounts of 3 different species of
salmonellae were added to each cheese and the inoculum was
mixed into the cheese in a Waring blendor. The cheeses
were analyzed for their salmonellae content at zero, 3, 6, and
12 days storage.

*Reference to certain products or companies does not imply
endorsement by the Department over others not mentioned,

ResuLts AND DiscussioN

Differences among species did not appear to be a
major factor in the survival of salmonellae during
Cottage cheese making. Heat resistant strains, S.
senftenberg and S. blockley, showed no evidence of
being more resistant to the cooking temperatures.
Sixteen lots of Cottage cheese were tested; typical
data from 8 of these are shown in Table 1. None
of the salmonellae survived a cooking temperature
of 125 F and, in 4 of the 5 trials, 120 F was sufficient
for complete killing. Only a few (8/100 g) survived
in 1 of the trials at 120 F; the isolates were identified
as S. typhi-murium. Salmonellae survived in all lots
at both 110 and 115 F. These results indicate that a

“cooking temperature above 120 F is necessary to in-

sure complete killing. Private communication with
industry representatives indicates that most manu-
facturers employ cooking temperatures of 120 F or
higher.

The authors believe that most Cottage cheese manu-
facturing procedures will kill any salmonellae which
may be present in the cheese milk or in NDM used
for fortification. However, if a cooking temperature
of less than 125 F is used, it is recommended that the
cheese milk be pasteurized after fortification with
NDM. The importance of this recommendation is
supported by data in Table 2 which show that sal-
monellae present in the curd outlive the shelf life of
the cheese. Salmonellae inoculated into commercial
cheese showed only a slight decline during storage
(Table 2). An exception may be in Sample C which
contained the lactic dressing. Its pH was 4.85, com-
pared to 5.2 for samples A and B. This probably
accounts for the lower counts after storage.

TaBLE 2. SURVIVAL OF SALMONELLA IN COTTAGE CHEESE
DuriNnG STORAGE

Bacterial count (no./gm)

Sample Nutrient agar Brilliant green agar
A — Before inoc. 7x10° 0
After inoc. 54x10° 51x10°
3 days 122x10* 52x10°
12 days 89x104 99x10*
B — Before inoc. 9x10° 0
After inoc. 24x10° 20x10°
3 days 102x10* 68x10°
12 days 85x10* 47x10%
C — Before inoc. 18x10° 0
After inoc. 26x10° 20x10°
3 days 36x10° 34x10°
12 days 12x10* 13x10°

= Sweet cream dressing.
Leuconostoc dressing.
= Mixed lactic dressing.
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